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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FLIGHT CALIBRATION OF ANGLE-COF-ATTACK AND SIDESLIP DETECTCRS
" ON THE FUSELAGE OF A 35° SWEPT-WING FIGHTER ATRPLANE

By Norman M. McFadden, George A. Rathert, Jr.,
and Richard S. Bray

SUMMARY

The position errors of angle-of-attack and sideslip detectors
located on the Ffuselage of a 35° swept-wing fighter airplane were meas-
ured in flight over a Mach number range of 0.50 to 0.92 and at 1ift
coefficients up to the buffet boundary. The variation of indiceted
angle of attack with true angle of attack was linear at each constant
Mach number and altitude over the entire test range but both the slope
and zero intercept varied with Mach number. It is shown that the angle
of attack can be computed within *0. 2° on 90 percent of the data points
using a linear equation in terms of indicated angle of attack and the
ratio of impact pressure to static pressure. The varilation of indicated
angle of attack with sldeslip engle was small and linear,

The indicated sideslip varied linearly with true sideslip and was
insensitive to changes of Mach number, with the true sideslip being
63 percent of the indicated value.

INTRODUCTION

In meny automatic fire~-control and guidence systems for aircraft
and guided missiles it is necessary to use angle-of-attack and sideslip
input signals. Two general methods have been considered for obtaining
these signals, continuously computing the true angle of attack from the
known or measured dynamic pressure, gross weight, normal acceleration,
and l1ift-curve slope, or measurlng the angle of attack directly.
Accuracies of the order of f0.2° are usually required.

Turning our attention to the second method, in order to get an
accurate measured indication of the true angle of attack 1t is necessary
either to put & sensing device at a considersble distance in front of the
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alrcraft to avoid the interference effects of the wings and fuselage, or
to mske corrections for these position errors i1f the sensing device is
relatively near the aircraft. Nose or wing-tip booms of the order of

6 to 8 feet in length would be necessary to put the sensing device in an
area relatively free of interference effects on airplanes the size of
the present test vehicle. Besides introducing errors from bending of
the booms, such long booms would be objectionsble on operational sir-
craft. Therefore it seemed desirasble to investigate a location on the
fuselage nose where, although the true angle of attack could hot be
measured directly, the local angle of attack might be measured and

corrected easily to give a signal proportional to the true angle of
attack.

This report presents a flight-test calibration of the position
error on the fuselage of a North American F-86A~5 airplane at s specific
location suggested by the Aviation Ordnance Department of the Naval
Ordnance Test Station at Inyokern, Californias. Although the numerical
results obtalned apply to a particular location on a particular airplane,
it would be expected that similar results would be obtained on any body
which 1s a reasonsble approximation to a body of revolution, provided
sufficlient attention is given to avoiding local interference in select-
ing the location of the sensing device. The general form of the cor-
recting equations should be the same with the constants changed to fit
the particular aircraft and location.

NOTATION

b empirical zero intercept of expression relating true and indicated
engles of attack

Cx normal~force coefficient

normal force
qsS

CNa. normal-force-curve slope ( %%S)

g acceleration due to gravity, 32.2 feet per second per second
total pressure, pounds per squere foot.

m empirical slope of expression relating true and ipdicated angles

of sattack , _

M Mach number o . T e

P static pressure, pounds per squere foot . _

q dynamlc pressure <;2L9V2> s pounds per square foot
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Ga impact pressure (H-p), pounds ﬁer_sqnare foot
S - wing area, square feet
v true airspeed, feet per second
a angle of attack, degrees
B sideslip angle, degrees
p density, slugs per cublc foot
Subscripts
I indicated
T true
Cc computed

EQUIPMENT AND TESTS

Basic Alrplane snd Instruments

The test airplene (fig. 1) was a standard North American F-86A-5.
As a means of determining true angle of attack a nose boom, shown in
figures 2 and 3, with five free-floating vanes located 20, 40, 60, 80,
‘and 100 inches forwerd of the nose of the ailrplane was used. Figure 3
also shows the one-chord-~length wing-tip booms on which the vanes used
to determine true sideslip were mounted.

To measure the local angle-of-gttack and sideslip angles on the
fuselage, Specialties, Inc., Type J, Alrstream Direction Detectors were
located on each side of the fuselage and on the lower center line as
shown in figures 4 and 5. These detectors are small cylindrical probes
with two lengthwise slots spaced 60° apart which provide differential
pressure to rotate the probe to seek the null or zero differential
position which is recorded by a potentiometer. The slots, which are
visible in figure 5(b), are 1-3/8 inches long. The outer ende of the
angle=of=attack slots were 3-13/32 inches from the fuselage skin, and
the outer ends of the sideslip slots were 2-1/8 inches from the skin.

An 18-channel oscillograph, used to record all vane angles, was
synchronized with standerd NACA instruments recording impsct pressure,
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pressute dltitude,'gnd normal acceleration. A_l6-miiiimeter'motion—
Plicture camera was used to photograph the bending deflection of the
nose boom in flight., k

The precvision of the angle~of-attack vane measurements is estimated
to be #0.1°; the precision of the sideslip-angle vane measurements, )
including unknown wing-tip boom deflections, is estimated to be *0.25°.
The sensitivity of the Specialties Airstream Direction Detectors is
specified as 20.11° at values of dynamic pressure greater than 125
pounds per square foot, the minimum during the present tests.

Data Corrections and Tests

The angles of attack indicated by the five vanes on the nose boom
were corrected for flaating angle (due to asymmetry of the vanes), for
upwash around the boom, and for the bending of the boom due to accelera-—
tion and ailr loads. The corrections for vane floating angle and boom
upwash were obtained by calibrating the boom in the Ames 12~foot pres— -
sure wind tunnel in both the upright and inverted poslitions at Mach
numbers from 0.50 to 0.96. Figure 6 shows, as a sample of the wind—
turmel data, that for .the most forward vane the floating angle (one—
half the difference beiween the angles indicated in the upright and-
inverted positlons) is nearly independent of Mach number and angle of
attack. The data at a Mach number of. 0.96 have conslderable scatter and
are conaidered to be unrelisble because of tunnel choking. Simllar N
results were obtalned for the other four vanes.

The upwash due to the boom was derived .from figure 7 which presents
the slope of the variation of indicated angle of attack of the forward
vane with true angle of attack as a function of wind-tunnel dynamic
pressure. The linearity of the data obtained at several Mach nurbers
indicates that there is no Mach number effect on the behavior of the
vanes, The intercept at zero dynamic pressure, hence zerc bending

o
deflection,-——l = 1,058, 1is the upwasgh correction. This corresponds

.
closely to the theoretical value of 1.062 from considerations of incom-
pressible flow around a cylinder. " The slope of the curve 1n figure 7
can be used to determine the boom deflection due to dynamic pressure;

however, the flight results, which were affected by acceleratlon as
well as by dynamic prespure, were corrected for the actual deflection

of the boom determined by means of photographs taken during the test

runs.

In addition to the sbove corrections, it was necessary to establish
the amount of position error present shead of the fuselage nose.

GelinERENSR



NACA RM A5204 | U——— 1, | . 5

Figure 8 shows the indicated angle of attack of each vane as =z funetion
of the distance of the vane from the nose of the airplane for several
normal~force coefficients at a Mach mumber of 0.81 and for several Mach
numbers st normal-forece coefficients of 0.10 to 0.35. Data for the
vane 80 inches from the nose are omitted because of instrument malfunc-

tion. These curves are assumed to have reached their asymptotic values ’dnl' .:‘ I-OA_
at the most forward vane is 100 inches in front of the nose o dobr L inY

the airplane. Thus this forwerd vane substantislly t true act—“"pn
angle of attack. Consequently, this vane is used as indicating the AN g re
true angle of attack of the airplane throughout the remainder of the v

report.

The true angle of sideslip was obtalned by averaging the readings
of the vanés on the left and the right wing-tip booms. XNo corrections
for unsymmetrical inflow at the wing tips due to sideslip were con- .
sidered necessary. '

The deta from the flow-direction detectors mounted on the fuselage
were corrected only for internal and external slinement with respect to
the aircraft armament detum line,

Test flights were made at altitudes of 2,000, 10,000, 20,000, and
35,000 feet. The ranges of Mach number and ncormal-force coefficilent
covered in the investigation are shown in figure 9 wilth the buffet
boundary of the test airplane included for reference. The sldeslip was
held to less than 1° for the angle-of-attack detector investigation.

RESULTS ARD DISCUSSION

Angle of Attack

Figures 10, 11, and 12 present the variation of angle of sttack
indicated by the flow-direction detectore on the fuselage with true
angle of sttack at constant Mach number at each of the four test alti-
tudes. The veriastions sre linear over the entire range of angle of
attack up to the buffet boundary. Over 80 percent of the data points
are within +0.1° of the faired straight lines, while over 96 percent
of the points are within +0.25°. Because the small range of angle of
attack covered at altitudes of 2,000 and 10,000 Ieet makes it impossible
to define a slope accurately, the faired lines for these data (fig. 12)
are averaged from the slopes and intercepts of the data from tests st
altitudes of 20,000 and 35,000 feet (figs. 10 and 11).

Since the variations of true angle of attack with indicated angle
of attack were shown by figures 10 through 12 to be llinear at eg.ch Mach
nunber, the true angle of atitack can be expressed as

Rl
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ap = m(ay) + b (1)

The constants m and D are functions of Mach number and pressure altli-
_tude as shown in figure 13, which is a summery of the position=error
calibration. : T T

The slope, m, varies moderately from 0.63 at 0.50 Mach number to
0.58 at 0,88 Mach number, and increases abruptly to 0.66 at 0.92 Mach
number as compared with a theoretical slope of 0.5L4 based on incompres-
sible flow around a cylinder. The slopes are derived from the tests at
high altitudes since the angle-cf-attack range was limited at the low
altitudes. The principal change in position error is the shift in the
zero iIntercept b with Mach number from 0.5° at 0.60 Mach number to -
1.3° at 0.92 Mach number. '

It would be possible to use the slopes and zero 1ntercepts given
in figure 13 directly to correet indicated angles of attack for position
error, although the computer required would be complicated by having to
use nonlinear relationships.. However, if the lntercept b is plotted
ag a function of qc/p, as in figure 1k, a straight line through the
origin is & reasonable representation of the experimental data. It
would then be possible, by meking the assumption that the slope m is
independemt of Mach number and altitude, to arrive at the relatively
gimple correctlon eguation

ac = 0.615(ag) + 1.70(a./p) (2)

For actual installations the constant 1.70 would be modifled to correct

for the position error of the airspeed installation used as the source
of q, and p. Reference 1 describes the F-86 alrspeed syatem calibration.

To check the accuracy of equation (2), it was used to calculate
the true angle of attack for the data from these tests. Figure 15
presents these results as a function of true angle of attack. The line
of perfect correlation and lines of #0.2° deviation are shown for
refegence. More than 90 percent of the points are within the desired
*0.2%, ' ' '

In order to show the data of figure 15 in more detail, the data
have been plotted in figure 16 as the difference between celculated
and true angles of attack as & function of true asngle of attack. o
Separate curves are presented for the three ranges of test altitude.

In addition to the effects of Mach number and normal-force coef-
ficient, the effect of sideslip on the angle-of-attack posltion error . .
was investigated. Figure 17 shows the variation (for the detector on
the right side of the fuselage) of indicated angle of attack with
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sideslip at several constant values of true angle of attack and at
seversel Mach numbers. The changes in position error with sideslip eare
small, about 0.1° change in angle of attack for each degree of side-
slip. The significance of this change, of course, depends upon the
actual amount of sideslip obtained in flight and will have to be evalu-
ated in each case. Since the variation 1s linear through zero true
sideslip, the use of the aversged signal from two detectors, one right
and one left, would eliminate this effect. -

Sideslip

The position error of the sideslip installation is presented in
figure 18 for angles of attack of 1° to 5°, The variation of indicated
sideslip angle with true sideslip angle is apparently linear and umnaf-
Pected by Mach number. Within the estimated accuracy of measurement
of true sideslip angle (#0.25°) the data shown in figure 18 can be
adequately represented by the equation

CONCLUSIONS

The measurement of the position errors of angle of attack and
sildeslip detectors opn.the. fugelage.of a 35° swept~-wing alrplane have
indicated: ' '

1. Over the test range for the angle-of-attack calibration, which
extended up to the buffet boundery of the test alrplane at Mach numbers
" from 0.50 to 0.92, the indicated angle of attack varies linearly with
true angle of attack. Over 80 percent of the test points were within
+0.1° of faired straight lines, while over 96 percent were within 0.25°.

2, The true angle of sttack was obtained to +0.2° on 90 percent
of the data points by correcting the indicated data with the equation

ap = 0.615 ar +1.70 q—;—

3. For an angle-of-attack detector mounted on one side of the
fuselage there was a smaell linear veriastion of indicated angle of attack
with sideslip smounting to 0.1° of angle of attack for each degree of

sideslip angle. This effect could be eliminated by using the averaged
gignal of two detectors, one on each slde. :
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4, Over the range of angles of attack corresponding to level
flight, approximately 1° to 5 » and between Mach numbers of 0.70 and
0.91, the variation of indicated sideslip with true sideslip was linear
and wes independent of Mach number, The true sideslip angle was

63 percent of the indicated sideslip angle. :

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif.
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Figure 3-Two —view drawing of the fest airplane.
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Figure k.— The angle—of-attack detector on the left side of the fuselage.
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(a) Location of the detector. (b) Close—up of the deteator,

Figure 5.— The angle-of-sideslip detector.
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Figure 9.— The ranges of Mach number, normal - force coefficient,
and altitude included in the fest program .
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Figure /10.— The variation of indicated angle of aftack with true
angle of attack at several Mach numbers and 35,000
feet altitude.
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Expression for a o, :
a = ma.+ b
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Mach number

Figure [3.— The variation with Mack number of the slope and

Zzerc intercept of the expression relating the true and indicated
N angles of attack.
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Computed ftrus angle of attack, a,, deg

Simplified equation :
a, = 0.615(a,) + 1.70(q, /p)
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Figure 15.— The comparison of the frue angle of attack with that computed using

o simplified equation .
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Figure 16— The differsnce between the measured and computed
valuss of angle of atfack as a function of true angle of
agttack at severol altitudes.
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Indicated sideslip angle, /£, , deg
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Sideslip eguation:
B,=0634° o
& /
6 /
o/
ra)
4 —/
2
L -
S
o
M
:
S o 0.70
a .82
2 o .89
A 9/
, o7
|4
6 o
. -
& 6 4 2 Left O Right 2 4 6

True sidesljp angle, A,, deg

Figure 18~The variation of indicated sideslip angle with lrue sideslip
angle atl several Mach numbers and 35000 feet! alfitude.
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